The browning process of food involves two components responsible for enzymatic and nonenzymatic oxidation. This browning sometimes results a loss of market value for the food. Nonenzymatic oxidation can be protected by antioxidating additives, and enzymatic oxidation can be prevented by tyrosinase inhibitors. 1) Tyrosinase is widely distributed in plants, microorganisms, and animals.
2) It is also responsible for melanization in animals. Therefore, tyrosinase inhibitors have attracted strong interest in both the food market and cosmetic industries.
3) A large number of naturally occurring tyrosinase inhibitors are known and some of them are commomly used for cosmetics. It should be noted that some tyrosinase inhibitors also have strong antioxidant activity, indicating that a strong antioxidant might also have strong tyrosinase activity.
3) Plants growing on the seashore receive a large amount of sunlight. Strong sunlight induces harmful active oxygen radicals, 4) therefore, the plants should have an efficient antioxidation system such as one involving strong antioxidantive constituents to prevent damage. We have already investigated plants in the Okinawa area in the course of our study to find new plant bioresources which would be useful for human life. 5) We have previously examined the antioxidant activity of seashore plants on Iriomote island and showed their strong activity.
6) It is well known that this island belongs to the most southernly national park of Japan and has a subtropical climate. Both temperate and tropical plant species including Malay plants which were brought by the Black stream, were typically growing on the island. And most of them have not previously been applied to human life. We report in this paper the screening results for tyrosinase inhibitory activity of such seashore plants to find new bioresources. Structural identification of the active compounds was also carried out for one of the active plants, Garcinia subelliptica.
The tyrosinase inhibitory activity of the extracts was evaluated by using L-DOPA. The 96-well microplate method is very convenient for a screening assay involving many samples, threfore, the method reported by Likhitwitayawuid and Sritularak 7) was employed with slight modification. Briefly, eight wells in total were designated for A (three wells), B (one well), C (three wells) and D (one well) which contained the following reaction mixtures: A, 120 ml of a 1/15 M phosphate buffer (pH 6.8) and 40 ml of tyrosinase (46 units/ml) in the same buffer; B, 160 ml of the same buffer; C, 80 ml of the same buffer, 40 ml of tyrosinase (46 units/ml) in the same buffer, 40 ml of an appropriate amount of the sample-buffer solution containing 5% DMSO to dissolve the sample; D, 120 ml of the same buffer and 40 ml of the same amount of the sample solution containing 5% DMSO. The contents of each well were mixed and then incubated at 23 C for 10 min, before 2.5 mM of L-DOPA in the same buffer (40 ml) was added. After incubation at 23 C for 10 min, the absorbance at 475 nm of each well was measured. The percentage inhibition of the tyrosinase activity was calculated by the following equation: f½ðA À BÞ À ðC À DÞ=ðA À BÞg Â 100. Data are shown in Table 1 .
Each leaf part of 39 plant species growing naturally was collected from the seashore of Iriomote island (Okinawa, Japan) and extracted with methanol. As shown in Table 1 , all the plant extracts demonstrated inhibitory activity at the concentration of 0.5 mg/ml, the extracts of Hibiscus tiliaceus (61%), Carex pumila (58%), and Garcinia subelliptica (57%) exhibiting strong inhibitory activity. These strong active extracts could be applied as browning-prevention agents for food or as skin-whitening materials for cosmetics.
Garcinia subelliptica (Japanese name: Fukugi) is frequently used as a hedgeing plant around houses near the seashore in Okinawa. We could collect a sufficient amount of fresh leaves from this plant for identifying the active principles, but not from the others. We, therefore, attempted to isolate and purify the active principles from this plant. The leaves of G. subelliptica (6.9 kg) were immersed in methanol (18-liter) for 5 days while stirring. After filtration, the filtrate was concentrated to 3-liter. The methanol solution was partitioned with hexane (3-liter). The obtained methanol part was evaporated and suspended in water. The suspension was extracted twice with ethyl acetate (2-liter, each) to give the ethyl acetate extract (186 g after evaporation). The suspension was next extracted twice with watersaturated butanol (1-liter each) to give the butanol extract (195 g, after evaporation) and the remaining water-soluble part (218 g after evaporation). The firstpartitioned hexane solution was extracted with methanol-water (9:1, 1.5-liter) to separate the hexane extract (6 g) and the methanol extract (11 g). The inhibitory activity of each of these extracts was measured at the concentration of 0.5 mg/ml with the following results: hexane extract, À21%; methanol extract, 12%; ethyl acetate extract, 63%; butanol extract, 19%, and watersoluble part, 10%. From the comparison of their activity efficiency, the most potent ethyl acetate extract was further purified. The ethyl acetate extracted was subjected to silica gel column chromatography, which was developed with CHCl 3 -MeOH = 9:1-8:2, and separated into 9 fractions according to the TLC analytical results. 10) ]: FAB-MS m=z: 671 ðM þ HÞ þ , 490. Structural identification of both compounds 1 and 2 was carried out mainly by comparing of 1 H-NMR, 11, 12) 13 C-NMR, 13) and MS data 10) with those reported and respectively found to be identical with structurally known biflavonoids 1 {5,7,4 0 ,5 00 ,7 00 ,3 000 ,4 000 -heptahydroxy flavanone [3] [4] [5] [6] [7] [8] 00 ] flavone which has been named fukugetin 8) or morelloflavone 11) } and 2 {5,7,4 0 ,5 00 ,7 00 ,3 000 ,4 000 -heptahydroxy [3] [4] [5] [6] [7] [8] 00 ] biflavanone which has been named Gb-2a 11) }. Determination of the configuration of flavanone [3] [4] [5] [6] [7] [8] 00 ] flavones has recently been comprehensively reported by Li et al.
9) The relative stereostructure of compound 1 was also identified to have a transrelationship between the 2-and 3-positions due to the proton-proton coupling constant of J 2;3 ¼ 12 Hz. The absolute stereochemistry was also deduced to be 2R,3S as shown in structure 1 by considering the observed positive optical rotation (½ D 25 +203 ).
9) The proton coupling constant for compound 2 between the 2-and 3-positions was 12 Hz, indicating the 2,3-trans configuration similar to that of 1, although the stereochemistry of the 2 00 -position could not determined from the present data. The relative optical rotation of 2 was almost zero, and its stereochemistry including the absolute configuration remains unclear.
The inhibitory activity of biflavonoids 1 and 2, and of reference samples was measured by using L-tyrosine as a substrate in addition to using L-DOPA. The L-tyrosine assay involved eight wells in total designated for A (three wells), B (one well), C (three wells), and D (one well). Each of these wells contained the following a reaction mixture: A, 60 ml of a 1/15 M phosphate buffer (pH 6.8), 100 ml of 2.5 mM L-tyrosine in the same buffer; B, 160 ml of the same buffer; C, 20 ml of the same buffer, 40 ml of appropriate amount of sample in the same buffer containing 5% DMSO to dissolve the sample, and 100 ml of 2.5 mM L-tyrosine in the same buffer; D, 120 ml of the same buffer and 40 ml of an appropriate amount of the sample solution containing 5% DMSO. The contents of each well were mixed and then 40 ml of a tyrosinase solution (46 units/ml) was added. After incubationg at
23
C for 40 min, the absorbance at 475 nm was measured, and the percentage inhibitory activity was calculated by the following equation: f½ðA À BÞ À ðC À DÞ=ðA À BÞg Â 100.
These two methods enabled the activity of compounds 1 and 2 to be compared with that of naringenin and luteolin, which were the constitutional flavonoids of compounds 1 and 2, and known potent inhibitors, arbutin and kojic acid. Dose response curves for the examined compounds were illustrated in Fig. 1 . When using L-DOPA as a substrate, both 1 and 2 showed similar efficiency (IC 50 of 32 mM and 30 mM, respectively) which is weaker than that of kojic acid (IC 50 9.6 mM), although stronger than that of the two flavonoids (IC 50 of naringenin was 320 mM and IC 50 of luteolin was >400 mM). When using L-tyrosine as a substrate, very strong activity of compound 1 was apparent (IC 50 of 2.5 mM), this being stronger than that of known potent inhibitors, kojic acid and arbutin (IC 50 of 9.1 mM and 62 mM, respectively). Although the activity of compound 2 (IC 50 of 26 mM) was weaker than compound 1, 2 was stronger than arbutin (IC 50 of 62 mM) and flavonoids (IC 50 of naringenin was 290 mM and IC 50 of luteolin was 94 mM). Flavonoids are known to have strong tyrosinase inhibitory activity when using tyrosine as a substrate. 14) These results indicate that the isolated biflavonoids had much stronger inhibitory activity than normal flavonoids do and that they would be applicable as for agents preventing enzymatic food browning and for the melanization of human skin.
